A b s t r a c t Introduction: There are many studies on the epidemiology of the orphan disease polyarteritis nodosa (PAN) in European countries. The use of a hospital morbidity database is an important element of epidemiological analysis. The study is the first such analysis in Poland and may provide an opportunity to compare the data in a European context. Material and methods: We conducted a retrospective, population-based study using hospital discharge records with a PAN diagnosis. PAN incidence was estimated based on data from a Polish hospital morbidity study carried out by the National Institute of Public Health. Data on all inpatients discharged from non-psychiatric hospitals in Poland were collected between 2008 and 2013. We identified 557 patients with first-time hospitalizations for PAN. Results: The sample consisted of 202 (36.3%) males and 355 (63.7%) females. The median and mean age was 53 and 50 years, respectively. The average annual incidence of PAN in Poland was estimated to be 2.4 per million. PAN incidence decreased significantly over time in Poland between 2008 and 2013 (3.3 per million vs 1.9 per million, p < 0.001) and it may be associated with a decrease in hepatitis B incidence observed in Poland. Conclusions: Incidence of PAN in Poland was estimated to be 2.4 per million and was comparable to the incidence found in other European countries. PAN incidence decreased during 2008-2013. The decrease in PAN incidence may be related to environmental, infectious (hepatitis B) or other unknown factors. Future research is needed to identify the cause of the decrease and potential triggers of the disease.
Introduction
The term "orphan disease" is used for diseases diagnosed in fewer than 50 out of 100,000 patients. An example of an orphan disease in rheumatology is polyarteritis nodosa (PAN). Polyarteritis nodosa is a necrotizing arteritis of medium or small arteries; its symptoms do not include glomerulonephritis and inflammation of arterioles, capillaries and veins, and it is not related to the presence of anti-neutrophil cytoplasmic antibodies. The aetiology and pathogenesis of the disease are not known. A secondary form of the disease occurs in > 10% of cases and is associated with hepatitis B virus (HBV) or hepatitis C virus (HCV) infections.
According to the criteria for the diagnosis of PAN, the Chapel Hill Consensus Conference (CHCC 1994) produced definitions for the major types of vasculitis [1] . The second International Chapel Hill Consensus Conference changed names and definitions as appropriate and added important categories of vasculitis not included in CHCC 1994 [2] . The European League Against Rheumatism/ Paediatric Rheumatology International Trials Organisation/Paediatric Rheumatology European Society proposed validated classification criteria for childhood PAN [3, 4] .
A number of studies have been carried out globally assessing PAN incidence. A 10-year study in the United Kingdom showed that the annual incidence of PAN, using the American College of Rheumatology criteria, was eight per million (95% CI: 5.5-11.2), and no cases of PAN as defined by CHCC 1994 were observed [5] . The annual incidence of PAN was 9.7 per million (95% CI: 7.0-13.0) in Norwich (east England), which was higher than the incidence in Lugo (northwest Spain) of 6.2 per million (95% CI: 3.4-10.5) [6] . Within a defined population in southern Sweden, the annual PAN incidence per million population (95% CI) was estimated to be 0.9 (0-1.7) [7] .
The point prevalence of PAN per million inhabitants was estimated on 1 January 2003 to be 31 (95% CI: 11-52) within a defined population in southern Sweden, and capture-recapture analysis estimated the completeness of the case findings to be 96% [8] . The prevalence per million adults was estimated to be 30.7 (95% CI: 21-40) for PAN in a French, multiethnic, urban population [9] . In the Australian Capital Territory and the surrounding rural region, annual PAN-specific incidences for each of two periods (i.e., 1995-1999 and 2000-2004) were 2.3 and 1.1 per million, respectively [10] . The estimated PAN incidence ranges from 2 to 9 per million individuals per year in adults in the United States [11] . Significantly higher PAN prevalence is observed in Europeans than in other ethnicities; this may be due to a genetic susceptibility common among Caucasians [9] .
There is little information regarding the epidemiology of PAN in Poland. There is interest in rare autoimmune systemic vasculitis [12] , or rare autoimmune multi-organ diseases that may be associated with hepatitis [13] in Poland. The major environmental factor associated with PAN is HBV infection [14] . It was reported that the prevalence of infection-associated PAN is related to the prevalence of the infections themselves [2] .
This study was undertaken to assess the incidence of PAN in Poland and to analyse factors related to the epidemiology of this disease.
Material and methods
We conducted a retrospective, populationbased study using hospital discharge records with a PAN diagnosis. We analysed data on PAN patients hospitalized from 2008 to 2013 in Poland. Data were taken from an inpatient discharge database. The information was collected by the National Institute of Public Health as part of a Polish hospital morbidity study. Data on all inpatients discharged alive or dead from all hospitals, excluding psychiatric and military hospitals, were obligatorily sent to the institute, usually on a monthly basis. The data collected included information from hospital documentation about hospitalization with ICD10-coded diagnoses, date of admittance and discharge, birth date, sex, and code of place of residence. Collected data did not include patient names. Incidence rates were calculated using the number of PAN patients and corresponding census data. In addition to data from the hospital morbidity study, we obtained demographic data for the general Polish population from the Central Statistical Office in Poland [15] .
Polyarteritis nodosa often requires hospitalization, and therefore analysis of hospitalizations may provide a good estimate of the incidence. In the United States, the incidence of another vasculitis, Kawasaki disease, has been best estimated from hospital discharge data [16] .
Statistical analysis
Included in the study were all patients with a first-time hospitalization for PAN during the study period. All statistical analyses were performed using a licensed version of Statistica software (StatSoft, Inc., 2012) and WINPEPI (Abramson, J.H. WINPEPI updated: computer programs for epidemiologists, and their teaching potential. Epidemiologic Perspectives & Innovations 2011, 8 : 1). The results of descriptive analyses were expressed as means, medians and ranges for continuous variables and counts and percentages for categorical data. Assuming a Poisson distribution of the observed cases, 95% CIs were calculated. The c 2 test was used to determine whether there was a significant difference between the frequencies. The c 2 test was used for trend analysis. The p-value of < 0.05 was considered to be statistically significant. Figure 1 . Polyarteritis nodosa was significantly more common in females, p < 0.001; the average M : F ratio was 0.57 (95% CI: 0.41-0.77), and it ranged from 0.4 to 0.8. The study sample comprised 494 (88.7%) adult patients and 63 (11.3%) patients younger than 18 years. The age distribution of female and male patients at their first hospitalization with a PAN diagnosis is presented in Figure 2 . The median and mean age of all patients at first PAN hospitalization were 53 and 50 years, respectively. The incidence of PAN peaked in the 50-70 year age group. There were significant differences between people in more urban (384 patients) and more rural areas (173 patients; p < 0.001). The average annual incidence of PAN in Poland was estimated to be 2.4 per million (95% CI: 1.9-3.0). Polyarteritis nodosa incidence decreased significantly over time in Poland between 2008 and 2013 (3.3 per million vs. 1.9 per million, p < 0.001). The c 2 test for a trend confirmed the presence of a statistically significant trend of PAN incidence decrease in this study (p < 0.001). During the study period, we observed 15 deaths in PAN patients among all hospitalizations (10 females, 5 males; mean age 66 years, min.-max.: 23-83 years) and deaths were observed in adults with no viral hepatitis diagnosis. In this group 9 deaths were observed in patients hospitalized with a firsttime diagnosis of PAN (7 females, 2 males; mean age 62 years, min.-max.: 23-83 years). During the study period, we observed 4 cases of chronic viral hepatitis in PAN patients (1 viral hepatitis B, 2 viral hepatitis C, and 1 non-B, non-C viral hepatitis cases). All cases of viral hepatitis were observed in adults (2 females, 2 males). Three out of 4 cases of viral hepatitis were observed in 2008, 1 in 2009, and none in 2010-2013.
Results

Discussion
Epidemiological data on PAN incidence in European countries have been reported; however, to our knowledge, no large descriptive studies of the epidemiology of PAN in Poland existed prior to this analysis. Based on data from an inpatient discharge database, we estimate that the average annual incidence of PAN in Poland is 2.4 per million people. This finding is comparable with data from other European countries [5] [6] [7] .
This study revealed a statistically significant decrease in PAN incidence in Poland in the analysed period. This may be related to unknown factors, such as changes in infection rates or demographics. The decreasing trend in PAN incidence may be related to vaccination strategies and awareness of blood-borne virus infections. It was suggested that the decline in PAN incidence paralleled better vaccination strategies and increased awareness of blood-borne virus screening in the United Kingdom [17] . Importantly, it was reported that the frequency of HBV-PAN has decreased in relation to improved blood safety and vaccination campaigns [18] . In another study it was also suggested that the decreasing incidence of HBV-associated PAN may be a consequence of vaccination campaigns and the improved safety of blood products [9] .
In this study, we observed no patients with PAN and viral hepatitis during 2010-2013. In 2013, compared with the previous year, the incidence of HBV in Poland slightly decreased [19] . In contrast, the total number of hepatitis C cases record- [20] . Given that the association of hepatitis B and hepatitis C with PAN is well known, a review of the Polish epidemiological situation regarding these viruses is relevant. In Poland, there has been a spectacular improvement regarding hepatitis B incidence rates due to the implementation of a very intensive and successful immunization program. The program began in 1984 and started with the introduction of hepatitis B vaccination into the recommendations of the National Immunization Program; 'recommended' vaccine costs were paid by patients with no reimbursement. In 1989, all newborns from HBV-infected mothers were offered a hepatitis B vaccination free of charge, and in 1990 a three-dose vaccination schedule was introduced for health care workers and medical students. In 1994, universal, fully reimbursed vaccination for newborns and infants followed by catch-up vaccinations for adolescents was implemented [21] . As a result, the incidence rates for hepatitis B decreased from 40/100,000 in the early 1980s to 4/100,000 in 2013. In 2013, no cases of acute hepatitis B were reported among people aged 0-24 years; the incidence rates were highest among people aged 65-74 years (0.44/100,000) and 40-44 years (13.3/100,000) [19] . It is a wellknown fact that PAN is more frequently reported in patients with chronic hepatitis B than in those with chronic hepatitis C [22] . We think that the significant decrease in hepatitis B incidence in Poland as described above may be associated with the decreasing trend in PAN incidence in our country.
In this analysis, significantly more patients lived in urban areas than in rural ones. A higher frequency of PAN in urban populations was previously reported [9] . It was also reported that, among people from Poland with a chronic hepatitis B diagnosis, more were from urban populations than rural ones [19] . These observations may support the concept of infectious or environmental triggers for the disease. The idea that environmental factors may be important in the aetiopathogenesis of primary systemic vasculitis has been presented in the literature [23] .
This study reveals that the epidemiology of PAN in Poland is unique, although it does exhibit similarities with other countries. Our finding of a 0.57 male-to-female ratio differs from findings from other countries. In other studies, males were reported to be more affected than females [24] . In one study, the male-to-female ratio was reported to be 0.88-1 [25] . In another study, there was no clear gender difference [8] .
During the study period, we observed 15 deaths in PAN patients (9 in patients hospitalized with a first-time diagnosis of PAN). All deaths were observed in adults. We reviewed the published literature on the current risk of mortality in patients with PAN (survival rate of 75% to 80% at 5 years) [26] . The major cause of early death was uncontrolled vasculitis (58%), followed by infection (26%) [27] . The outcome of PAN is improved in patients receiving treatment; the 5-year survival rate is approximately 80% [24] . Five-year relapse-free survival rates were 59.4% (95% CI: 52.6-67.0) vs. 67.0% (95% CI: 58.5-76.8) for non-HBV-related PAN and HBV-related PAN, respectively [24] . A multivariate analysis revealed that age > 65 years, hypertension, and gastrointestinal manifestations requiring surgery or at least consultation with a surgeon were independent predictors of death, whereas patients with cutaneous manifestations or non-HBV-related PAN had a higher risk of relapse [24] .
No deaths were observed in patients younger than 18 years. It is worth noting that, in a retrospective study of Caucasian children diagnosed with PAN, the worst outcomes were significantly correlated with renal and neurological involvement [28] .
This study has several limitations. The database we used provided general information regarding hospitalizations of PAN patients, thereby allowing us to present an epidemiological report; however, it did not allow us to examine risk factors and other correlates of the disease in individual patients. An important limitation of this study is that it relied on discharge records from inpatient hospitalizations; it therefore excludes patients who were seen only as outpatients. Thus, our reported incidence rate may be an underestimate. The true rate could be much higher, as this type of vasculitis is a systemic necrotizing disease with multi-organ involvement and may require advanced diagnostic procedures that can be conducted in inpatient settings. Cutaneous PAN is a benign vasculitis, but it may require differentiation from systemic PAN in inpatient settings due to the different clinical course and management of the two conditions. Additionally, the first appearance of a PAN diagnosis in the inpatient discharge database is not necessarily the date of first diagnosis. This inaccuracy may result in an overestimate of the count of incident cases. However, the long duration of observation in this study may minimize the overestimation.
In conclusion, incidence of PAN in Poland was estimated to be 2.4 per million patients and was comparable to the incidence found in other European countries. PAN incidence decreased during 2008-2013. The decrease in PAN incidence may be related to infectious, environmental or other unknown factors. Future research is needed to identify the cause of the decrease and potential triggers of the disease.
